Back in 1993, Carl Sagan and colleagues published a detailed study describing the discovery of signs of life on a planet from a spacecraft passing by. Sadly, this wasn't an entirely new discovery, as the planet was our own, and the Galileo probe, swinging by on its way to Jupiter, could only confirm what we knew already.
And yet, the observations, making the best possible use of Galileo's last encounter with its home planet and a period during which its analytical instruments were switched on for calibration anyway, revealed a great deal of important information about what signs of life can or cannot be distinguished from space, even on a planet that is practically coated with living organisms. Passing over the daylight side of Earth, the probe could spot no city lights, and the radio wave emissions were so crowded as to appear as white noise to an uninitiated alien. The team concluded that the chemical imbalance of atmospheric gases (e.g. the simultaneous presence of oxygen and methane) and the conspicuous light-absorbing pigments on certain parts of the planetary surface were sufficient evidence for the presence of life, though there was no telling how complex or intelligent that life might be.
Reflected glory
In a recent study that echoed some aspects of Sagan's search for life on Earth, Michael Sterzik from the European Southern Observatory in Chile, together with colleagues from observatories in Spain and the UK, analysed light bounced back and forth between the Earth and the Moon for possible signs of life and details of Earth's atmospheric composition.
Sterzik used the European Southern Observatory's Very Large Telescope with special detectors to quantify the polarisation of light at each wavelength recorded, a method known as spectropolarimetry. In theory, such measurements could yield information regarding the composition of the atmospheres and the nature of ground coverage on some of the many exoplanets discovered in recent years, but at first they need to be calibrated on nearby objects so that scientists can interpret the data they may get from exoplanets.
For technical reasons related to our viewing angle in relation to Feature the incoming light from the Sun, the planets outside our orbit are unsuitable for such calibrations. This leaves Mercury, Venus, and, most importantly, Earth; our own planet is the only one of these that allows us to calibrate signals to parameters that relate to life on Earth, such as the unusual composition of our atmosphere, or the ground coverage by vegetation.
Recording Earth's polarisation spectra from an orbiting satellite or a space probe looking over its shoulder on its way to distant targets would still yield data that would be much more resolved than what we can expect to see from exoplanets. Using the Moon as an uneven mirror, however, the researchers obtained a signal of Earthshine that was scrambled across the As the NASA rover Curiosity approaches Mars on its quest to look for signs of past or present life there and sophisticated instruments like the space telescopes Kepler and CoRoT keep discovering additional, more Earth-like planets orbiting distant stars, science faces the question of how to spot life on other planets. Even here on Earth biotopes remain to be discovered and explored. Michael Gross reports.
The search for life on Earth and other planets
Living planet: The Earth as seen by the crew of Apollo 17 on their way to the Moon in 1972. The outlines of Africa and the Antarctic ice cap are visible, but spotting signs of life is a more difficult matter. (Photo: NASA.) whole Earth disk, and that was thus comparable to the single-pixel images one can just about obtain of exoplanets. In the resulting spectra, the researchers identified a sharp and prominent signal for molecular oxygen as well as a weaker signal indicating the presence of water molecules. On one of the two observation days they could also detect a characteristic vegetation signature allowing them to estimate the percentage of surface covered by vegetation, while on the other day clouds blocked that signal (Nature (2012), 483, 64-66) .
The authors admit that the models used to interpret the data still need improving before they can meaningfully be applied to exoplanets. Given the optical properties of our own atmosphere, such research would be best placed on dedicated space probes such as the planned New Worlds mission. In addition to linear polarisation, suggests Christof Keller from the Leiden Observatory in the Netherlands, measurements of circular polarisation might provide even more direct evidence for life on exoplanets. Circularly polarised light, which is routinely used in CD spectroscopy in biochemistry laboratories, is chiral and is therefore a useful tool for the detection and investigation of biomolecules, which, at least on Earth, are nearly always homochiral.
Distant worlds
While Sterzik and others are improving their methods, the list of confirmed exoplanets that they may soon be analysing is growing steadily. Since the breakthrough discovery in 1995, more than 760 exoplanets have been recorded in the extrasolar planets encyclopaedia (http://exoplanet. eu/). The early discoveries were all of Jupiter-sized gas giants whizzing around their stars in very short orbits, typically closer than Mercury is to our Sun. This, however, was purely due to observational bias, as these discoveries were all made with the Doppler method, based on detecting the wavelength shift in the light of a star as the gravitation of a planet alternately accelerates and slows down its movement relative to our position. As the gravitational effect of a planet decays with the square of the distance and is only ever significant if the planet is quite bulky, the Doppler method doesn't stand a chance of finding a second Earth.
More recent developments, including the systematic search for transit events (i.e. objects passing the sightline between a star and the observer) from spacebased instruments, have enabled researchers to overcome this systematic bias. Currently, the French probe CoRoT (for Convection, Rotation, and Transit) and NASA's Kepler are on the lookout for extrasolar planets and are gradually approaching the promised land of terrestrial planets orbiting within the habitable zones of their home planets, i.e. at a distance where liquid water can exist at the planet's surface.
The CoRoT mission has so far confirmed 25 new exoplanets, including two (Corot 24b and c) orbiting the same star. With 4.2 and 2.7 Earth radii, these planets are comparable in size to Neptune, but running on very short orbits of five and twelve days, respectively. Orbit length is still biasing the search for planets, as one needs repeated transits to confirm an orbiting planet, and planets in Earth-like orbit will only transit once in their Earth-like year.
Counting stars: The Milky Way contains an estimated 300 billion stars, and it appears to be increasingly likely that there are just as many planets, many of which may be habitable. The region shown here covers 2,400 light years horizontally. (Photo: NASA/JPL-Caltech.)
The US probe Kepler started reporting confirmed planets at the beginning of 2010 and has so far added 26 new planets to the catalogue. (Unlike the CoRoT team, Kepler also publishes candidate lists, so reports of thousands of exoplanets refer to unconfirmed single sightings.) During its primary mission of three and a half years, Kepler is to observe 100,000 stars for any signs of planets in habitable environments.
Last September, Kepler made headlines with the first discovery of a planet orbiting a binary star system (two stars gravitationally bound to each other). In January, two further systems, Kepler-34 and Kepler-35 were confirmed (Nature (2012), 481, 475-479), and the team analysing the Kepler data concluded that "a conservative estimate yields millions of nearly coplanar circumbinary planets in the Galaxy like the ones reported here." However, astrobiologists are highly sceptical about the habitability of such systems, as they may not be stable enough in the long term to develop life.
In February, Kepler researchers reported the first two Earth-sized exoplanets, one of which is even likely to be a bit smaller than our planet. They were discovered in the planetary system Kepler-20, which was already known to host three gas giants. All five planets are on orbits that are closer than Mercury's and there appears to be no obvious logical explanation linking their orbits to their sizes (Nature (2012), 482, 195-198) , in contrast to our own system, where the locations and sizes of the planets correlate roughly with the presumed availability of material for their formation.
In addition to being less biased for large size and small orbits than the Doppler method, transit observations also have the advantage that one can conduct spectroscopic measurements of the light passing through a planet's atmosphere. With this approach, the space telescopes Hubble and Spitzer have been able to detect water, methane, carbon dioxide and carbon monoxide in the atmospheres of exoplanets HD 189733b and HD 209458b, which are both Jupiter-sized gas giants. While Jupiters are not considered a potential abode for life, similar studies of smaller planets in habitable zones could one day detect chemical imbalances of the kind that would be a strong indication of biological activity.
Curiosity visits Mars
While the millions of planets that we now believe to exist in the Milky Way alone (not to mention the billions of other galaxies in our Universe) are only ever going to show up as weak signals on rather noisy graphs, there is one planet that may have harboured life at some point and that we can actually visit to investigate the matter: Mars. The last time mankind specifically looked for life on Mars was with the Viking landers, back in 1977. The inconclusive results of the Viking biology experiments together with the physical data revealing a rather hostile environment turned scientific opinion against the view that life might be present on our neighbour planet.
Since then, however, the discovery of extremophiles in numerous locations previously considered lifeless here on Earth has led researchers to reconsider the chances of finding life on Mars. For instance, life has been discovered in deep subsurface environments, and similar habitats may well exist on Mars as well. Conceivably, life may have existed on the surface of Mars when conditions were more clement in the past and may have withdrawn into the underground.
Thus, for the first time in 35 years, the NASA rover Curiosity, due to land on Mars in early August (on the 5 th or the 6 th , depending on what time zone you're in), is going to revive the active search for traces of life there. The previous missions -including the incredibly successful Opportunity rover, which recently celebrated its eighth anniversary of operating on the Red Planet -were designed to look for indications of liquid water, which would be a key to the habitability of the planet.
At three metres length and 900 kg operating mass, Curiosity is the size of a small terrestrial car and much larger than the previous rovers. It carries a substantial scientific payload comprising ten separate instruments, including: Alpha Particle X-ray Spectrometer (APXS), Chemistry and Camera 
Environmental Monitoring Station, and Sample Analysis at Mars (SAM).
Curiosity is due to drive around in the vicinity of its landing site at the Gale Crater, just 4.5 degrees south of the equator, for a whole Martian year (around two Earth years). The APXS will enable the rover to analyse the elemental composition of its surroundings, while the DAN is specifically designed for the search for hydrogen atoms, including those in water molecules. The futuristic ChemCam will fire laser beams at targets that may be metres away, allowing the on-board spectrometers to analyse the composition of the vaporised material. Most crucial to the search for life is the SAM investigation, which takes up the largest space inside the rover and is a whole chemistry lab crammed into a box the size of a microwave oven.
The SAM suite features complex robotics for the manipulation and preparation of samples as well as two ovens that can heat powdered samples in quartz cups to around 1000°C using no more than 40 W of power. The analytical tools include a mass spectrometer, a tunable laser spectrometer, and a gas chromatograph, all designed to detect and identify isotopes and chemical compounds relevant to life.
Overall, while previous Mars rovers from Pathfinder to Opportunity were designed to "follow the water", Curiosity is meant to "follow the carbon". It is thus a logical follow-up study to the 1977 Viking landers, which observed "positive" responses in their lifedetecting experiments but failed to detect organic molecules, leading most experts at the time to conclude that they had failed to detect life.
The most significant limitation of Curiosity's investigations will be that it is operating only at the surface. Thus, even if it fails to find organic compounds, this will not be the end of the search, as traces of past or present Martian life may well be hidden underground. Searching for life in hostile environments, one sometimes has to dig deep, as recent discoveries on our own planet have shown.
Training ground Earth
While NASA prepared Curiosity for its mission to Mars, other researchers have tested a lifedetecting technology designed for Mars at one of the most Mars-like locations on Earth, Chile's Atacama desert -and promptly discovered life on Earth. Astrobiologist Victor Parra from the Centro de Astrobiología in Madrid, together with Chilean colleagues, carried out a "Mars analogue" drilling in the desert and analysed several samples from depths of up to five metres using a Life Detector Chip (LDChip) with 300 different antibodies for various kinds of biomolecules (Astrobiology (2011), 11, 969-996) .
They discovered a hypersaline habitat two metres below the surface, populated by both bacteria and archaea. Hygroscopic salts like halite and traces of perchlorate attract moisture even in the extremely dry environment of the Chilean desert and provide thin water films on which the microbes can thrive. Nutrients found include organic acids, sulphate, and nitrates.
The researchers say the findings, which they later confirmed and expanded with detailed laboratory studies, validate their instrument, known as SOLID, as a tool for future life-searching missions to Mars. "If there are similar microbes on Mars or remains in similar conditions to the ones we have found in Atacama, we could detect them with instruments like SOLID," Parro said in a press statement.
Another terrestrial environment with more than fleeting resemblance to potential extraterrestrial habitats is Antarctica. In particular, astrobiologists are interested in the lakes that lie hidden beneath the Antarctic ice shield. Some of them have remained secluded for millions of years and may harbour exotic life forms. If so, their analysis might provide insights both into the history of life on Earth and into the possibility of life in similar environments underneath the ice crusts of Jupiter's satellite Europa.
Studying Lake Untersee with cameras poked through the perennial ice cover, which is only around three metres thick in summer, Dale Anderson and colleagues discovered conical stromatolites growing beneath the ice (Geobiology (2011), 9, 280-293). These complex communities built from successive layers of biofilms are mainly known in fossilised form, as they were widespread before animals evolved.
Yet more exotic life forms may turn up when researchers get to analyse water samples from the lakes that have been buried under kilometres of ice for millions of years, like Lake Vostok, underneath the eponymous Russian research station at 77 degrees South. One of the largest lakes on our planet, Lake Vostok is comparable in volume to Lake Ontario.
Back in 1998, a research team drilled around three kilometres deep into the ice shield stopping only a few hundred metres above the lake surface. The lower parts of the ice core, believed to consist of frozen lake water, already contained hints of microbial life. As this discovery suggested that there may well be a thriving biotope inside the isolated lake, there were concerns over the possible contamination and damage to the biotope if one just drilled into it. Scientists therefore developed cleaner methods for the drilling of the last metres above the lake, and a two-step approach that would allow the borehole to reseal immediately without risk of contamination.
After several failed attempts, the team reached the surface of the lake on February 5 th this year, shortly before the date when they had to return on the last flight of the Antarctic summer season. In this first step of the proceedings, they allowed some water from the lake to rise up some tens of metres into the borehole and refreeze. The plan is to come back at the end of this year and retrieve this freshly frozen lakewater for laboratory analyses.
Researchers This ability served him well when he landed his first professional job at Dartmouth College. On short notice he was required to teach a wide variety of courses, including genetics, zoology, embryology, parasitology, comparative anatomy, various math and statistics courses, and even navigation. This was during World War II, and some of the courses were aimed at preparing naval officers. Crow had to take courses in spherical geometry in order to teach navigation, and spend a month in Guatemala for training in parasitology. (When he arrived at the hospital in Guatemala, they told him every patient has three diseases: malaria, hookworm, and whatever he came to the hospital for [1].)
Crow perfected his teaching technique when he came to the University of Wisconsin in Madison, where he spent the next 64 years. He taught a variety of genetics courses, especially general genetics and population genetics. His door was always open to students who wanted to talk with him. He always tried to learn the names of his students, and for large classes this entailed taking a photo of each student on the first day of each semester. He allowed that he wasn't the best photographer in the world, but thought he might be the fastest.
His lecture notes for general genetics were published under the title of 'Genetics Notes' but were fondly known as 'Crow's Notes' by generations of genetics students [2]. Crow's Notes eventually went through eight editions and were translated into James Franklin Crow William R. Engels "A deeper understanding" was one of James Crow's favorite phrases when he lectured. It is also a good way to sum up the gift he leaves to science. His field was genetics, especially population genetics. He was known and revered as much for inspiring generations of students and colleagues as for his numerous original contributions to the field.
I was one of the thousands of students whose indelible first impression of James Crow came while attending his undergraduate lectures. It seemed he was every student's favorite professor. He would begin by telling the class that genetics was a difficult subject, then proceed to convince us of the opposite. His lectures were models of clarity, spiced with enough humor to keep the attention of even the most jaded students. One measure of how thoroughly he captured the students' attention was the length of time he could hold a silence in front of hundreds of students. I recall when a student asked him a particularly thought-provoking question during a lecture, Crow simply smiled and began to think through the problem. The large class was dead silent as Crow unselfconsciously stood, paced or stroked his chin for a very long time. When he finally spoke the answer was dazzlingly clear and left us all with a new depth of understanding.
Crow's extraordinary teaching ability showed itself early -well before he became known for his research. Born in 1916 in a suburb of Philadelphia, he grew up in Wichita where he attended Friends University. His father was a professor there, and Jim took most of his biology courses from him. By 1936, Crow was involved with a pacifist group called the Emergency Peace Campaign where he discovered his knack for public speaking. He spent the summer traveling around western Kansas giving speeches for the group, and later said he has "never been afraid of an audience since that time" [1].
Obituary
James F. Crow. Photo taken in 2005 by Millard Susman.
